A double-isotope technique for the simulta neous measurement of CBF and CMRglu was applied to a subarachnoid hemorrhage (SAH) model in the rat. Cis ternal injection of 0.07 ml blood caused a rather uniform 20% reduction in CBF together with an increase in glu cose utilization of 30% during the late phase of vaso spasm. In one-third of the SAH animals, there were focal areas where the flow was lowered to 30% of the control values and the glucose uptake increased to �250% of control. We suggest that blood in the subarachnoid space via a neural mechanism induces the global flow and meta bolic changes, and that the foci are caused by vasospasm superimposed on the global flow and metabolic changes. In the double-isotope autoradiographic technique,
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Several experimental models have reproduced the late vasospasm and CBF changes seen in pa tients with a SAH (Hashi et aI., 1972; Simeone et aI., 1972; Chan et aI., 1984; Sahlin et aI., 1986) . A few investigations have combined CBF studies with measurements of cerebral metabolism (Hashi et al., 1972; Boisvert et al.. 1979; Sahlin et aI., 1986) . Only the latter authors found a decrease in CBF and CMR02 post SAH. Two studies evaluating CBF or metabolism post SAH have been performed in the rat. Solomon et al. (1985) measured hemispheric CBF in the acute stage using a microsphere tech nique, and. Fein (1975) did regional metabolic studies at selected time points during the first 12 h after SAH.
The autoradiographic techniques developed by Reivich et al. (1969 ), Sakurada et al. (1978 . and Sokoloff et al. (1977) allow evaluation of local CBF (LCBF) or local CMRg1u (LCMRg1u) in animals. The application of the autoradiographic technique to a SAH model would provide information about CBF and metabolism and their interrelationship that cannot be obtained with conventional techniques. In a previous article (Delgado et aI., 1985) , we pre sented an angiographical SAH model in the rat where it was demonstrated that cisternal blood in jection produces a biphasic pattern of vasospasm with a maximal acute spasm at 10 min and a max imal late spasm at 2 days. In the present study we describe a double-isotope autoradiographic tech nique and apply it to evaluate LCBF and LCMRg1u in the late phase of vasospasm in the rat.
MATERIALS AND METHODS
The experiments were performed on male Sprague Dawley rats (SPF strain; M�llegaards Avlslaboratorium, K�ge, Denmark) weighing between 280 and 400 g. The animals were fasted for 12-18 h before the CBF and/or CMRg1u studies.
Experimental SAH model
Under ether anesthesia, homologous blood (0. 07 m\) was injected via a previously implanted subcutaneous catheter connected to the cisterna magna. as described previously (Delgado et aI. , 1985) . The catheter was im planted 3-7 days before the blood injection. Control an imals received saline via the catheter. Two days after the intracisternal injection, the CBF and CMRg1u studies were performed.
Autoradiographic LCBF measurements
LCBF was measured according to the technique de scribed by Sakurada et a!. (1978) as modified by Gjedde et a!. (1980) . Anesthesia was initiated with 4% halothane. The animals were intubated and artificially ventilated with a 70% nitrous oxide and 30% oxygen mixture. During the surgical procedure 0. 75% halothane was added to the gas mixture. Both femoral arteries were cannulated for blood pressure monitoring and for blood sampling. A catheter was inserted into one femoral vein for injection of heparin (75 IU/kg; Vitrum) and Celocurin (suxamethonium chloride, 3 mg/kg; Vitrum) and for later infusion of the tracer. The CBF study was carried out not before 30 min after the halothane was switched off. The MABP was continuously monitored and blood gases were controlled. The temperature was kept around 37°C. The hematocrit was measured.
One arterial catheter was connected to a constant-ve locity withdrawal pump for mechanical integration of tracer concentration as described by Gjedde et a!. (1980) . Simultaneously 60 J.LCi of [14C]iodoantipyrine (Amer sham) was given as an intravenous bolus. Arterial blood (122 J.Ll) was withdrawn over 20 s. Immediately after, the animal was decapitated and the brain removed and im mersed in isopentane chilled to -50°e.
The arterial blood sample was transferred to counting vials containing 0. 75 ml of a Soluene (Packard) and iso-propanol mixture (I: I). Hydrogen peroxide (0. 3 m!, 30% solution) was added to the vials. After storing the vials for 4-6 h at room temperature, 7.5 ml of an Instagel (Packard) and 0.5 N HCl mixture (9:1) was added, and the samples were maintained at 4°C for � 12 h before � scintillation counting with a program that included quench correction (Hewlett-Packard).
The 14C activity in the tissue was determined after sec tioning the brain in 20-J.Lm sections at -20°C. The sec tions were dried on a hot plate (60°C) and then placed on an x-ray film (Kodak MIN-R) together with eight [14Cjmethylmethacrylate standards (Amersham). The ex posure time was 16 days.
Autoradiograms were analyzed using the memory of a Leitz TAS plus R image analyzer. Brain regions were en circled using a light pen and the average optical density obtained. The computer converted the optical density to 14C activity using a third-degree polynomial curve deter mined from the calibrated standards as described by Rei vich et a!. (1969) .
The CBF was calculated from the brain tissue 14C ac tivity determined by autoradiography using the equation of Gjedde et al. (1980) :
where fbI is the blood flow per unit mass. eBr ('1') is the isotope content, E(T) is the net extraction fraction of the isotope in the time from t = 0 to t = T, t is the variable time, 'I' is the experimental time (20 s), and ea(t) is the arterial blood concentration of the isotope at time t.
Autoradiographic LCMR g 1u measurements The LCMRg1u was determined by the method described by Sokoloff et al. (1977) . The anesthesia and cannulation procedures were as described. Fifty microcuries of [14C]deoxyglucose (Amersham) was infused intrave nously over 30 s. Fifteen samples of arterial blood (100 J.Ll) were taken during a 45-min period. The blood samples were immediately centrifuged and the plasma was sepa rated for determination of [14Cjdeoxyglucose by � scintil lation counting and for determination of glucose concen tration using a glucose oxidase method (Greiner G 300). After the last blood sample. the animal was decapitated and the brain frozen as described for later sectioning. The plasma samples (40 J.L1) for measurement of [14Cjdeoxy glucose activity were placed in vials containing 0. 75 ml of a Soluene and isopropanol mixture (l: 1). Instagel with HCl was added before scintillation counting as previously described.
The 14C activity in the tissue was determined after cut ting the brain in 20-J.Lm sections. The sections were pro cessed for autoradiography using x-ray film (Kodak MIN-R) and 16-day exposure time. The density of the autoradiograms was measured using a Leitz TAS plus R image analyzer as described previously and convert ed to 14C activity using a curve determined from eight [I4Cjmethylmethacryiate standards (Amersham). The LCMRg1u was calculated from the plasma deoxyglucose integral, the plasma glucose concentration, and the 14C activity in the brain tissue according to Sokoloff et al. (1977) . The values used for the lumped constant (LC) and the rate constants for the normal animals were those de termined by Sokoloff et al. (1977) .
Simultaneous LCBF and LCMRg\u measurements
Autoradiographic determination of LCBF and LCMRgl u was made in the same animal using [14C]iodoan tipyrine and pH]deoxyglucose, respectively. Anesthesia and surgical procedures were as described. The animal was injected intravenously with 750 fLCi pH]deoxyglu cose (Amersham) and frequent blood samples were taken over a period of 45 min for the determination of the plasma deoxyglucose integral. After the last sample one of the arterial catheters was connected to a constant-ve locity withdrawal pump and 60 fLCi of [14Cliodoantipyrine was given as an intravenous bolus. Arterial blood (122 fLl) was withdrawn over 20 s. The animal was decapitated and the brain frozen. The concentration of radioactivity in the plasma and blood samples was measured using a 13 liquid scintillation counter with programs for quench cor rection and double-label counting (of the blood samples).
Brain radioactivity content was measured using autora diography of 20-fLm sections. Sections for detection of pH]deoxyglucose content were washed immediately after cutting, 2 x 1 min in 2,2-dimethoxypropane (DMP), which solubilized the iodoantipyrine completely without removing deoxyglucose (Diemer and Rosen!/irn, 1981; Gjedde and Diemer, 1985; Owman and Diemer, 1985) . These sections were placed on 3H-sensitive film (LKB Ultrofilm). The exposure time was 19 days. The neigh boring sections were placed on an x-ray film (Kodak MIN-R) with a protective gelatin coating that absorbed the 3H radiation without affecting the 14C radiation. No penetration of the coating by the 3H radiation was found with this exposure time even when the amount of [3Hlde oxyglucose injected was increased three times (T. J. Del gado et aI. , unpublished data). Two sets of standards were used: one calibrated for brain tissue 14C content and one for 3H content in DMP-treated sections. The optical density of the same brain areas on the two autoradio grams was measured using the Leitz TAS Plus R image analyzer and converted to 14C or 3H activity.
Estimation of the LC
The LC, which is the correction factor due to the use of deoxyglucose instead of the native substrate, glucose (Sokoloff et aI. , 1977) , was calculated for the SAH an imals. The LC is dependent mainly on brain glucose con tent (Crane et aI. , 1981; Gjedde, 1982) . The brain glucose content can be determined by the use of the nonmetabo lizable glucose analogue 3-0-methylglucose, since the ap parent distribution volume of this tracer depends only on the glucose content. Given the kinetic constants of glu cose transport and the apparent volume of distribution, i. e. , the activity in brain tissue divided by the activity in plasma at equilibrium, the brain glucose content (Me) can be calculated Gjedde and Diemer, 1983) :
where V � is the virtual steady-state distribution volume for 3-0-methylglucose, Kt is the Michaelis constant, C a is the arterial plasma concentration of glucose, and Ke is the half-saturation content of brain glucose.
Having calculated the brain glucose content, the LC can be determined as 1986 where J<f § and K? are the rate constants for the phosphor ylation of deoxyglucose and glucose, respectively, In the animals used to determine the LC, anesthesia and cannulation procedures were as described, At time zero the animals received 30 fLCi [14C]deoxyglucose and 600 fLCiPH]3-0-methylglucose as an intravenous bolus injection, Blood samples were taken repeatedly during 10 min for the determination of the plasma deoxyglucose, glucose, and 3-0-methylglucose concentrations. Immedi ately after the last blood sample, the animal was decapi tated and the brain frozen. The double autoradiograms were made from adjacent 20-fLm sections.
One set of the sections was exposed to a highly sensi tive film (LKB Ultrofilm) that reflected both isotopes. The other set was exposed on an x-ray film coated with a protective gelatin layer that reflected only the 14C iso tope. Based on the plasma and brain tissue concentration of 3-0-methylglucose, the LC was calculated.
Experimental design
There were six experimental groups: Group I, four an imals with LCBF measurements using [14C]iodoanti pyrine; Group II, four animals with LCMRglu measure ments using [14C]deoxyglucose; Group III, four animals with simultaneous CBF and CMRglu measurements using [14C]iodoantipyrine and [3H]deoxyglucose; Group IV, four animals with simultaneous CBF and CMRglu mea surements 2 days after cisternal injection of 0. 07 ml sa line; Group V, three animals for evaluation of the LC 2 days after cisternal blood injection using [14C]deoxyglu cose and [3H]3-0-methylglucose; Group VI, eight an imals with LCBF measurements using [14C]iodoanti-2 days after cisternal injection of 0. 07 ml blood.
Statistics
The data were analyzed with the Student's t test for two-group comparisons and with the Bonferroni t test for mUltiple comparisons.
RESULTS
The physiological parameters fo r the experi mental groups are shown in Ta ble 1. All animals had rectal temperatures close to 37°C. The Pao2 was �130 mm Hg. The Paco2 was �37 mm Hg. The pH was close to 7.4. There were no significant diffe r ences in the MABP between the experimental groups.
LCBF and LCMRg\u in normal animals using a single-or double-tracer technique
The values of LCBF and LCMRg\u obtained in normal anesthetized animals with single-or double isotope autoradiography are given in Ta ble 2. There was no significant difference in CBF and CMRg\u between the single-and double-isotope groups. Also, the values are comparable with those reported by others fo r anesthetized rats (Abdul-Rahman et aI., 1980; Ta mura et aI., 198 1; Ingvar and Siesjo, 1982; Iadecola et aI., 1983) . The double-isotope au toradiography revealed a good correlation between LCBF and LCMRg\u' The correlation was illus- trated by plotting the flow values as a function of glucose metabolism (Fig. IA) . The linear regression line was calculated and found to be LCBF = 1.90
x LCMRglu + 42.0. The correlation coefficient (r = 0.75) was comparable with the coefficients re ported by others for anesthetized rats (Sokoloff, 1978; Nakai et aI., 1983) .
LCBF and LCMRgl U in animals 2 days after intracisternal injection of saline or blood
The LCBF and LCMRglu values in the animals receiving cisternal saline injection were similar to those obtained in normal anesthetized animals (Fig. Values are means ± SEM, n = 4.
lA; Ta bles 2 and 3). The regression line calculated for saline-injected animals was LCBF = 2.35 x LCMRglu + 19.3 with a correlation coefficient of 0.70. The values for the normal and the saline-in jected animals were pooled for comparison with the SAH animals. The regression line calculated for the pooled animals was LCBF = 2. 16 x LCMRglu + 29.8 with a correlation coefficient of 0.73 (Fig. IB) . There were two types of changes in LCBF and LCMRglu seen 2 days after cisternal blood injection. All animals showed a generalized or global de crease in CBF and an increased uptake of deoxy glucose. Three of the eight (38%) SAH animals also had foci with markedly decreased flow and in creased deoxyglucose uptake (Fig. 2) .
The LC used for calculating the CMRglu in the focal areas was 0.6 1, which reflects the effect of oligemia (Ginsberg and Reivich, 1979) . The stan dard deviation was 0.03. It was calculated from three SAH animals receiving 3-0-methylglucose and [14C]deoxyglucose. One of the animals had multiple foci. In the areas outside the foci, the LC was 0.48 ± 0.07 (mean ± SD), which is similar to the value calculated by Sokoloff et al. (1977) for normal rats (0.483 ± 0. 107).
The SAH animals had a quite uniform reduction in the mean CBF of �20% as compared with the pooled normal and saline-injected animals ( Table 4 ). The individual variations in CBF were greater in the SAH animals than in the control animals. The CBF reduction was significant (p < 0.05 -0.0 1) in all the regions examined but the dentate nucleus. The reduction in CBF in regions supplied by the vertebrobasilar arteries was similar to that seen in regions supplied by the internal carotid arteries. All animals were anesthetized and paralyzed.
In contrast, there was an increase in CMRglu in the SAH animals ( Table 4 ). The individual varia tions in CMRglu were greater in the SAH animals than in the controls. The increase in deoxyglucose uptake was �30% in the brain regions examined, except for the cochlear and the vestibular nuclei where the increase was close to 100%. The increase in deoxyglucose was significant (p < 0.05-0.001) in 12 of 18 regions. Apart from the cochlear and ves tibular nuclei, regions supplied by the vertebro basilar arteries showed similar increases in CMRglu as the regions supplied by the internal carotid ar tery. The relationship between LCBF and LCMRglu was different in SAH animals as compared with control animals. This was reflected in the regres sion lines for SAH and control animals, respec tively (Fig. I B) . The regression line calculated for the SAH animals was LCBF = 1,04 X LCMRglu + 35.7 with a correlation coefficient of 0.72.
In addition to the global alterations in flow and metabolism, there also were focal changes in CBF and CMRglu' The deoxyglucose uptake in the foci was increased by �250% (Table 5 ). In the corre sponding areas the flow was decreased to � 30% of control (Table 5 ). In the animals with foci, the global changes in flow and metabolism were some what greater than those in animals without foci. The foci were seen in all three animals in the frontal, sensorimotor, and parietal cortex, cau date-putamen, and thalamus. The size of the focal changes varied greatly. On coronal sections the ex tension of the foci varied from a few tenths of a millimeter to 1.5 mm. By counting the number of sections showing the same focal change, it could be estimated that the anterior-posterior extension was of the same magnitude. There was a rather narrow zone of transition between the focal changes and the surrounding parenchyma without perifocal increases in flow.
All the SAH animals were drowsy and exhibited minor weight loss. None of the animals had detect able focal neurological deficits.
DISCUSSION
The present study demonstrates that the LCBF and LCMRglu values obtained with double-isotope autoradiography using [14C]iodoantipyrine and [3Hldeoxyglucose, respectively, are comparable with those obtained with single-isotope autoradiog raphy using I 14C]iodoantipyrine and [14C Jdeoxyglu cose.
Recently several communications describing double-isotope techniques for measurement of LCBF and LCMRglu have been published. Short- Values are means ± SEM . with numbers in parentheses de noting percentages of control (pooled normal and saline-injected animals). n = 8. Blasberg et al. (1981) , and Mies et al. (l98\) to measure flow and glucose metabolism, respectively. Sako et al. (1984) used the short-lived positron-emitting nucleotide 18F for evaluation of glucose metabolism and 14C for flow measurement. Furlow et al. (1983) used [14C] iodoantipyrine for flow measurements and r14Cldeoxyglucose for evaluation of glucose metab olism. The extraction with chloroform used by these authors, besides removing [14C]iodoanti pyrine, also removes some of the [14C]deoxyglucose (Jones and Greenberg, 1985) .
There are several advantages in using [3H]deoxy glucose and [14C]iodoantipyrine in the double-iso tope technique. The autoradiographic resolution is high using tritiated deoxyglucose, and the same standards can be used from experiment to experi ment. A relatively short time period is required for exposure of the films. In addition the isotopes are commercially available and the hazards of working with ,),-emitting isotopes are avoided. On the other hand, it has been suggested (Sako et aI., 1984 ) that part of the eH]deoxyglucose phosphate or free de oxyglucose might be lost during the extraction of iodoantipyrine. However, it has been found that DMP does not influence the content or distribution of deoxyglucose (Diemer and Rosenprn, 198\) . It has also been proposed that there is a different de gree of self-absorption of the 3H radiation in white and gray matter (Alexander et aI., 1981) that could lead to an underestimation of the CMRglu in white matter.
The data presented in this study demonstrate that there are both global and focal changes in CBF and glucose metabolism during the late phase of vaso- spasm after a SAH. The global decrease in CBF after cisternal injection of 0.07 ml blood was �20%, while the increase in deoxyglucose uptake was � 30% except in the cochlear and vestibular nuclei where it was about three times greater. In the foci the flow was decreased to � 30% and the glucose uptake increased to � 250% of control.
A decrease in CBF has been noted in experi mental SAH in the acute phase in monkeys (Has hi et aI., 1972; Petruk et aI., 1972; 1 akubowski et aI., 1982; Kamiya et aI., 1983) , rabbits (Logothetis et aI., 1983; Umansky et aI., 1983) , and rats (Solomon et aI., 1985) and in the late phase of vasospasm in monkeys (Simeone et aI., 1972; Sahlin et aI., 1986) and rabbits (Logothetis et aI., 1983) . CBF reduc tions have also been described in patients following a SAH (James, 1968; Zingesser et aI., 1968; Heil brun et aI., 1972; Bergvall et aI., 1973; Ishii, 1979; Mickey et aI., 1984) . In clinical investigations and in several experimental studies (Hashi et aI., 1972; Pe truk et aI., 1972; Simeone et aI., 1972; Sahlin et aI., 1986) , the global CBF reduction was found to be poorly correlated to the degree of angiographical vasospasm. Basically there was a global reduction in CBF irrespective of the presence or absence of a generalized spasm. Further evidence supporting the poor correlation between CBF reduction and an giographical vasospasm is provided by a compar ison of the CBF studies of Solomon et aI. (1985) with our angiographical data (Delgado et aI., 1985) . Solomon et aI. (1985) found a progressive decrease in CBF during the first 60 min following cisternal injection of 0.3 ml blood in rats, while our angio graphical studies have shown an inverse relation ship for spasm; from a maximal spasm of 39% at 10 min, it progressively decreased to reach a degree of spasm of 15% at 60 min after the SAH (Delgado et aI., 1985) . Additional evidence is that a change in the amount of cisternal blood from 0.07 to 0.3 ml increased the CBF reduction from 20 to 30% (T. Delgado et aI., unpublished observation), although the larger amount of blood only increased the de gree of spasm from 24 to 27% at 2 days post SAH (Delgado et aI., 1985) . One explanation for the dis crepancy between flow and the degree of vaso spasm could be that the CBF reduction is sec ondary to a change in cerebral metabolism. An other possibility is that the flow reduction is secondary to spasm in the small, not angiographic ally visible conducting arteries and that a larger amount of blood produces a greater spasm in these vessels by penetrating deeper into the perivascular spaces. It is less likely that the arterioles or resis tance vessels are in spasm, since there is an in crease in cerebral blood volume, probably caused by a dilatation of the resistance vessels (Grubb et aI., 1977; Martin et aI., 1984) .
There was a global increase in deoxyglucose up take in the SAH animals of � 30%, which probably represents an anaerobic glycolysis. That it is an an aerobic glycolysis is strongly supported by the de crease in CMROz described by Grubb et aI. (1977) , Martin et aI. (1984) , and Voldby et aI. (1985) in SAH patients and by Sahlin et aI. (1986) in monkeys during the late phase of spasm. Further evidence for an anaerobic glycolysis is provided by studies showing an increased lactate/pyruvate ratio in the CSF in SAH patients (Kagstrom et aI., 1973; Fujishima et aI., 1975; Pasqualin et aI., 1985) . An increased lactate/pyruvate ratio has been found in the acute phase after an experimental SAH in dogs (Shannon et aI., 1972; Sugi et aI., 1975) and in monkeys (Fein, 1975) . Fein (1975) also described an increased ratio in brain tissue obtained from rats in the acute phase after a SAH. The anaerobic glycol ysis can hardly be explained on the basis of re duced CBF. It has been demonstrated by Shannon et aI. (1970) , Bruce et al. (1972), and EklOf and Siesjo (1972) that the cerebral metabolism does not change in an anaerobic direction until the CBF is reduced by �50%. Thus, in normal animals a CBF reduction of up to 50% will be adequately balanced by an increased oxygen extraction, while in SAH animals there seems to be a reduction in CMR02, probably secondary to a decrease in the extraction rate of oxygen, as suggested by Fein (1975) . Fein fo und an immediate decrease in CMR02 in mon keys fo llowing an acute SAH despite an initially preserved blood flow. The decrease in CMR02 was maintained although the oxygen supply was suffi cient. Supporting clinical evidence was presented by Voldby et aI. (1985) , who fo und that in SAH pa tients there was a decrease in the arteriovenous dif fe rence of oxygen not correlated to the reduction in flow and also that the CMR02 reduction was greater than the decrease in CBF.
The changes in CBF and metabolism cannot be explained simply by an increase in intracranial pressure. Fein (1975) fo und that the changes oc curred irrespective of whether or not blood was in jected under isobaric or hyperbaric conditions. Sahlin et aI. (1986) showed that the changes were not correlated to the level of saggital sinus pres sure. Finally, the small amount of blood injected in this study combined with aspiration of CSF prob ably affects the intracranial pressure only mini mally, suggesting that the changes are caused by the presence of blood in the subarachnoid space.
Focal low-flow areas with high glucose uptake appeared predominantly in the cortex, caudate pu tamen, and thalamus and were seen in one-third of the SAH animals. The occurrence of fo cal changes has not been previously described in experimental SAH, and the mechanism underlying their develop ment is not clear. We suggest that fo ci develop owing to a severe local spasm superimposed on the global flow reduction; i.e., spasm in long, narrow arteries causes a substantial decrease in perfusion pressure in areas without adequate collateral circu lation. It is interesting that Yamori et al. (1976) fo und that ischemic areas generally appeared in the same regions in stroke-prone spontaneously hyper tensive rats. These authors noted that a substantial part of the blood supply to these regions was via recurrent branches fr om the larger cerebral ar teries. The combination of this angioarchitectural fe ature and spasm could lead to the markedly re duced flow in these areas. The fo ci could represent preinfarctions and correspond to the lucent areas seen with computerized tomography in SAH pa tients (Bryan et aI., 1979; Saito et aI., 1979) .
How the changes in CBF, metabolism, and cere bral vasospasm fo llowing a SAH are interrelated and how blood in the subarachnoid space elicits these changes are not known. There is increasing evidence supporting a poor correlation between va sospasm and the global component of the reduction in flow. Vasospasm could play a role in terms of eliciting fo cal changes that in turn could cause neu rological deficits. Our data indicate that there is an altered setting in the CBF -metabolism relation ship, although there is still an interdependence be tween flo w and metabolism fo llowing an SAH. Blood might alter the oxidative metabolic process and affect blood flow by a direct mechanism. How ever, given the uniform nature of the global changes in flow and metabolism, a neural mechanism is more likely. In this context it is interesting that stimulation of discrete areas in the dorsal medullary reticular fo rmation and in the medial parabrachial nucleus has been shown to alter global cerebral me tabolism with secondary effects on flow (Iadecola et aI., 1983; Reis et aI., 1985) . Similarly stimulation of discrete areas in the fa stigial and in the lateral parabrachial nuclei has been shown to alter cere bral vascular tone (Miura and Reis, 1969; Mrao vitch et aI., 1983) .
In conclusion the study has demonstrated that blood in the subarachnoid space induces a decrease in CBF and an increase in glucose utilization con sistent with an anaerobic glycolysis. We suggest that blood via a neural mechanism causes a global decrease in cerebral oxidative metabolism and flow and that the fo cal changes are the result of vaso spasm superimposed on preexisting global meta bolic and flow changes.
